Introduction
Microdeletions in the azoospermia factor (AZF) regions of the Y chromosome have been identified as a cause of spermatogenetic failure, 1 resulting in infertility in Chinese men as well as other ethnic groups. 2 -6 These findings emphasize the importance of screening for Y chromosome microdeletions. A genetic diagnostic method for Y chromosome microdeletions associated with male infertility has been developed using polymerase chain reaction (PCR) and standard gel electrophoresis techniques, but analysing multiple PCR products on a gel is associated with several disadvantages. For example, the process is time-consuming, taking > 2 h, and the limited number of electrophoresis wells per gel makes it difficult to screen large numbers of samples a K Sun, X-F Chen and X-B Zhu contributed equally to this work. Suspension array analysis of Y chromosome microdeletions at the same time. 7 A new hybridization method is required for the rapid and efficient detection and analysis of large quantities of genetic data. Suspension array technology has been increasingly used to identify genes related to human disease and to detect Y chromosome deletions in infertile patients. 8 -10 Other chemical assays utilize a solid phase that can adversely affect reaction kinetics by immobilizing a reactant; these flat microarrays often require extensive washing to reduce high background signals. 11 Suspension array technology was developed by the Luminex Corporation (Austin, TX, USA) to eliminate the need for a solid surface during clinical testing. The technique involves creating an array using precise amounts of 100 different microsphere sets with specific spectral addresses identified by fluorochromes. Each microsphere set bears a different reactant on its surface that is distinguishable by its unique spectral address. Another fluorochrome coupled to a reporter molecule quantifies the interaction occurring at the microsphere surface. Microspheres are individually examined in an aqueous stream as they rapidly flow past two separate lasers in the suspension array analyser.
High-speed digital signal processing classifies the microsphere based on its spectral address and also quantifies the reaction on the surface. Thousands of microspheres are interrogated per second allowing up to 100 different reactions to be analysed in just a few seconds per sample in one single assay. 8 -10 Suspension array technology is effective, sensitive, rapid, reproducible and easily performed. 8 -10 This study evaluated the effectiveness of a suspension array technique to detect Y chromosome microdeletions in infertile males compared with a conventional PCRbased technique.
Patients and methods

STUDY POPULATION
This case-control study recruited sequential patients with primary spermatogenetic failure (nonobstructive azoospermia) or severe oligospermia (< 5 × 10 6 sperm/ml), according to World Health Organization (WHO) and European Male Infertility Diagnosis guidelines. 12 
MULTIPLEX PCR
Peripheral venous blood (3 ml) was taken from each study participant and mixed with anticoagulant citrate dextrose solution (0.48% m/v citric acid, 1.32% m/v sodium citrate and 1.47% m/v dextrose). DNA was immediately extracted from whole blood using a Blood Genome DNA Extraction Kit Suspension array analysis of Y chromosome microdeletions (Shanghai Biology Company, Shanghai, China), according to the manufacturer's instructions, and stored at -20°C until analysis. Multiplex PCR was performed according to the protocol recommended by the European Academy of Andrology and European Molecular Genetics Quality Network. 13 A female negative control sample and a blank (water) negative control were included in each multiplex PCR to detect reagent contamination. In addition, a normal male control was employed to assess the sensitivity and specificity of the experiment. The SRY gene, located on the short arm of the Y chromosome, and the ZFX/ZFY gene, located on the short arm of both the X and Y chromosomes, served as internal controls for the PCR. The PCR was performed in a total volume of 50 µl with 100 ng of genomic DNA per reaction, using a QIAquick 96 PCR BioRobot Kit (Qiagen Inc., Shanghai, China) and a
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Primer sequences (base pairs)
F, forward; R, reverse. 
HYBRIDIZATION ANALYSIS WITH SUSPENSION ARRAY TECHNOLOGY
The assay utilized nine different polystyrene microspheres (5.6 µm; Luminex ® 100™ IS System; Luminex Corporation). Oligonucleotide probes (Sangon Biotech [Shanghai] Co. Ltd) corresponding to nine sequence tagged sites (STS) were designed according to published gene sequences ( Table 2 ). The probes were coupled to carboxylated beads according to the manufacturer's instructions. For each combination of probe and bead set, 50 µl carboxylated beads were suspended in 100 µl of 0.1 M 2-(N-morpholino)ethane-sulphonic acid (pH 4.5). Probe oligonucleotides and 5 µl 10 mg/ml N-(3-dimethylaminopropyl)-Nethylcarbodiimide were added and thoroughly mixed. Incubation was performed at 37°C in the dark under agitation for 30 min, interrupted by a thorough mixing step after 30 min. The coupled beads were finally washed twice with 1 ml of 0.02% (v/v) Tween-20 in 0.1 M phosphate buffered saline (PBS), pH 7.4, before being stored in 100 µl Trisethylenediaminetetra-acetic acid (TE) buffer (pH 8.0) at 4°C in the dark.
Following multiplex PCR amplification as described above, 3.0 µl of each reaction mixture was transferred to a tube containing 17 µl tetramethylammonium chloride (TMAC) hybridization solution (AMRESCO LLC, Solon, OH, USA) and 3000 probecoupled beads of each of the nine sets. TE buffer was added to give a final volume of 25 µl, followed by gentle mixing with a pipette. The mixture was heated to 99°C for 5 min and hybridization was performed at 48°C for 
5′-NH 2 -ACGAGACCTGTGGGTTGTCCAC-3′ Suspension array analysis of Y chromosome microdeletions 25 min. After hybridization, 75 µl of 10 µg/ml streptavidin-R-phycoerythrin (AMRESCO LLC) diluted in 1 × TMAC hybridization solution, was added to each tube and mixed, followed by incubation at 48°C for 5 min. The beads were analysed for their colour and R-phycoerythrin reporter fluorescence on a Luminex ® 100™ Analyzer (Luminex Corporation). The median fluorescence intensity (MFI) of at least 100 beads was calculated for each bead set in the sample.
A negative sample and a positive sample were included in the assay, as described for multiplex PCR amplification, and all samples were analysed in duplicate. The signal obtained from the negative sample was subtracted from the MFI value of the positive sample and a response was considered positive when the corrected MFI value was ≥ 3 × the negative value. Microdeletion was measured by comparing the MFI score with the MFI scores of the positive and negative controls. STS-based PCR was performed five times for each subject, and products from each reaction were analysed using suspension array technology.
STATISTICAL ANALYSES
Data were analysed using the χ 2 -test. A Pvalue < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS ® version 10.0 (SPSS Inc., Chicago, IL, USA) for Windows ® .
Results
The study recruited a total of 507 infertile male patients (mean ± SD age 30.4 ± 4.70 years; age range 22 -41 years), with mean ± SD duration of infertility 3.82 ± 2.54 years (range 1 -8 years). The study included 354 patients with primary spermatogenetic failure and 153 with severe oligospermia. A total of 100 healthy male control subjects were recruited (mean ± SD age 24.1 ± 4.7 years; age range 22 -36 years).
The PCR amplification of a 50 ng plasmid replicon of E. coli and variable amounts of human genomic DNA found that the limit of detection was 1 ng for the genes tested (sY84, sY86, sY127, sY134, sY254, sY255, SRY and ZFX/ZFY) (Fig. 1) . The suspension array technology detected the same genes in 10 pg of genomic DNA (Fig. 2) . Results of five consecutive analyses of each gene with the suspension array technology demonstrated that the MFI results were consistent and stable (Fig. 3) .
Suspension array analysis identified Y chromosome microdeletions in 45 patients, but none was present in any of the healthy control subjects. The microdeletions were distributed throughout the different subregions of the AZF region: two cases in AZFa, three cases in AZFb, 35 cases in AZFc, three cases in AZFbc and two cases in AZFabc (Table 3 , Figs 4 and 5). Analysis by multiplex PCR amplification resulted in identical findings to those of the suspension array technology in all 507 patients with spermatogenetic failure.
Discussion
Multiplex PCR with electrophoresis has been widely used to detect Y chromosome microdeletions associated with male infertility. 14, 15 Conventional multiplex PCR is time-consuming and is limited by the number of electrophoresis wells, making it difficult to screen large numbers of samples on the same gel.
Suspension array technology, as in the Luminex ® 100™ IS System used in the present study, is based on flow cytometry principles with the aim of meeting the needs of clinical medicine, for disease diagnosis and genetic screening, and also laboratory K Sun, X-F Chen, X-B Zhu et al. The system allows for the simultaneous analysis of up to 100 analytes in a single microplate well, using very small sample volumes. 8 -10 Suspension array technology has been widely used in many different fields, including nucleic acid hybridization assays, receptor ligand research, protein-protein interaction research, enzymatic research and immunoassays. 16 -21 The current study evaluated suspension array technology with the multiplex bead array system for Y chromosome microdeletion analysis in infertile males. Suspension array technology is sensitive and more specific than other systems, 8 -10 and the process is rapid and straightforward, allowing labour and material costs to be kept minimal.
Suspension array analysis of Y chromosome microdeletions
The current study utilized nine different polystyrene microspheres, each coupled with one amine-modified oligonucleotide probe to detect the presence or absence of sY84, sY86, sY127, sY134, sY254, sY255, sY14 (SRY) and ZFX/ZFY. This approach had several advantages over PCR and gel electrophoresis. For example, the suspension array technique allowed the simultaneous assessment of 100 different analytes in < 30 min in a single reaction vessel, compared with a conventional multiplex PCR gel run time of 2 -3 h for 5 -10 samples. In addition, the suspension array technology was more sensitive than PCR and gel electrophoresis, detecting Y chromosome microdeletions in 10 pg of genomic DNA, compared with 1 ng of genomic DNA for PCR. Hybridization occurs in a homogenous liquid condition in the suspension array, permitting greater interaction between reagents and resulting in stronger signals. When coupled with laser-excited fluorescence detection, the sensitivity is higher than on glass or a membrane. 8 -10 The microspheres were dyed with different proportions of two fluorochromes, each of which was covalently bound to an oligonucleotide probe. The detector laser beams capture hybridization signals (sensitivity) and the colour of the fluorescent microspheres (specificity) separately, resulting in high specificity with a low background. 8 -10 Using the suspension array technology is straightforward, with there being only a few steps in the entire reaction process (addition of samples, incubation and reading of the results). As this technique produces numerical data for sequencespecific hybridization, the results may be The agreement between results using the suspension array technology and those with multiplex PCR indicated that there were no false-positive results. The sequence-specific hybridization and quantification in the suspension array technique may provide more accurate and direct results than gel electrophoresis analysis. The current study identified eight STS regions on the Y chromosome. The simultaneous detection of 100 analytes, made possible by the suspension array, allows the large-scale detection of the STS regions causing male infertility. Since flow cytometry is able to resolve free and bound probes, washing steps are not required. 22 -24 Suspension array technology is, therefore, a useful tool, especially for high-throughput molecular diagnosis of male infertility in clinical laboratories. 25 The results of the current study are similar to the findings of others who have used the same technology to detect AZF microdeletions. 26, 27 Yeom et al. 26 used cyanine 3 (Cy3)-labelled reverse primers to perform the PCR, which is cheaper and can reduce the number of experimental steps, but the streptavidin-R-phycoerythrin method employed in the current study gives a higher fluorescence intensity and is more stable than Cy3. 8 -10 In conclusion, compared with DNA microarrays, the suspension array technique has advantages of lower costs, higher statistical power, faster hybridization kinetics and more flexibility in array preparation. 8 -10 The present study demonstrated that suspension array technology can be successfully used to identify Y chromosome microdeletions with improved sensitivity compared with conventional PCR and gel electrophoresis. M  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16   sY84   sY86   sY127   sY134   sY254   sY255   SRY 
